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ABSTRACT

A method used to determine the temperature of a flame
is to measure its spectral radiance and spectralemis-
sivity. The ratio of these two measured quantities
provides a point on the blackbody curve, if the flame
is effectively in equilibrium. Sufficient measurements
are taken throughout a wavelength region to trace out
an experimentally determined blackbody curve. This
curve is compared with a series of curves that have
been plotted by using differenttemperatures in Planck's
radiation law. The temperature used to obtain the
plotted curve that best coincides with the experimen-
tally determined blackbody curve is designated as the
flame temperature..

This method is reviewed with the viewpoint of applying
it to the measurement of plasma temperature. The
technique appearsto be feasible for continuous plasma
sources withtemperatures upto about 15, 000°K. Ex-
perimental complexity makes it less attractive above
that temperature. The method provides a temperature
determination procedure utilizing many different radi-
ative processes. Hence, the temperature determined
by this method reflects more clearly the energy content

and energy distribution,

ii



I. INTRODUCTION

One method used to determine the temperature of a flame is to meas-
ure the spectral radiance and the spectral emissivity (Ref. 1). The ratio of
these two quantities provides a point on the blackbody curve, if the flame is
effectively in equilibrium. Repeated measurements give points which trace
out the blackbody emissive power curve, The experimentally determined curve
is compared with a series of curves that have been plotted using different
temperatures in Planck's radiation law, The temperature used to obtain the
calculated curve that best coincides with the experimental data is termed the
flame temperature, To facilitate comparison of the two curves a log-log
plot is used; the blackbody energy distribution curve has the same shape for
all temperatures on a log-log plot (Ref. 2). It is of interest to examine this
method to determine its applicability to measurement of plasma temperatures.

II. RELATIONSHIP OF SPECTROMETER MEASUREMENTS TO
SPECTRAL RADIANCE AND EMISSIVITY

The deflection of the spectrometer recorder when viewing the plasma

will be given by
= € d ’ l

where C is a calibration constant independent of wavelength, N)\ p is the
blackbody radiance function (Planck's radiation law) at the temperature of
the plasma, “\ is spectral emissivity and ®(\) is the slit function. Ideally

® (\) could be replaced by a delta function, but practically it is a function



sharply peaked at the wavelength setting of the instrument. Over the

wavelength interval where ¢(\) gives significant contributions, Nkp is nearly

constant and can be removed from the integration. Hence,
@ -
= ¢ = €
R, CNXP‘C‘: yodr = N, T, | (2)

where the bar over the spectral emissivity means an effective value.
The spectral emissivity is determined by two measurements. In the

first measurement the radiance of a radiation source is determined. The

recorder deflection when viewing the source is given by

A
Rs =C .!: Nxs ‘ks"(”d)‘ = CNM ‘)J ! (3)

where N)‘s is the blackbody radiance calculated at source temperature and

?Xs is the effective source emissivity.
In the second measurement a chopper is used to view alternatively the

source plus plasma and the plasma only as shown in Figurel. When the hole

in the chopper is aligned with the source, plasma and slit, the recorder de-

flection is

o
RsP = ¢ -! [Ny “Asll-Sa) thf)\]o(k)dk 4



When only the plasma is observed the deflection is Rp. From the alternating

signal it is possible to determine the peak-to-peak amplitude which is

Ry =R, - R, =CN € (T-¢). (5)

If the source has a spectral emissivity which varies slowly over a wave-

length interval equal to the width of the slit function, then
e (1m ) F -5 (é)

Combining equations 3, 5 and 6 gives

b
[t

AR (1T, (7)

or

A (RB-RA)/RB . (8)

Once the effective spectral emissivity has been determined, equation 2 can

be used to obtain a value for Nkp'

III. TYPICAL FLAME TEMPERATURE MEASUREMENTS

The results of experiments reported in Reference 1 are described
here. By changing the word plasma to flame and the subscript p to { the
analysis of the preceding section is applicable. A term for background
radiation essential for experiments with flames but nonessential for plasma,

has been omitted.



Figure 2 is a reproduction of Figure 3 of Reference 1. The molecules
responsible for most of the radiation have been indicated along the curve. Ob-
serve that there is good fit of the blackbody curve to the data. Sufficient
collisions have occurred todistribute the chemical bond energy released by the com-
bustion in a manner characteristic of equilibrium at the flame temperature.
Many different vibrational and rotational excited states are involved, In
order for the data points to fit the blackbody radiance curve it is necessary
to have the excited states populated according to equilibrium conditions.

Consider a hypothetical situation with the excited states giving the
water vapor radiation at 10p overpopulated. The results in Figure 2 would
appear the same except that the data points near 10u would be above the
blackbody curve. lsolated departures from equilibrium are readily apparent
using these methods. If the same hypothetical overpopulated HzO excited
states were used to determine a vibrational temperature, a misleading
temperature would be obtained.

1IV. REQUIREMENTS FOR EXTENDING THE METHOD TO LABORATORY
PLASMAS

A. Wavelength Interval
The wavelength range investigated should include the peak of the
blackbody curve. For a 2000°K flame the peak occurs between 1 and 2 micron.
For a 8000°K plasma from an electric arc,the peak is in the visible region.
Arc plasmas can be examined in an experimentally more favorable region.
However, for temperatures above about 15000°K the difficulties of conducting

experiments in the ultraviolet region are encountered.



. . B. Source Requirements

The discussion leading to equation 6 has placed a slow-variation-

with-wavelength restriction on the source spectral emissivity. If © _ig

A\s
known and if ®(\) is known, the restriction is removed,

A requirement that the source radiative temperature exceed the
plasma temperature might be expected. In principle,the source temperature
need not be greater. However, from experimental limitations it is necessary
to have RA/Rp sufficiently large to avoid signal-to-noise problems. ‘In order
to neglect background radiation, the source must be many times brighter.

If R A Were larger than Rs. equation 7 would yield negative values
for ?)‘. This cannot occur since Rs is always longer than RA.vregardleu of
source temperature relative to plasma temperature. Assuming that plasma
temperature exceeds 15000°K and that one is williﬁg to pay the price of
working in the UV, then the selection of source becomes difficult, if not im-
possible. A tuneable maser (see, for example, Reference 3) may be the
solution.

C. Chopper Speed

For transient events, the reciprocal of the chqpping frequency
must be much less than the time of the event. For arc plasmas this should
not pose any difficulties. However, for plasmas obtained by shock waves or
by a magnetic pinch, the chopper frequency would be very large {many

megacycles) causing problems. A Kerr cell might be employed as a

chopper.



V. SPECTROGRAM OF AN ARC PLASMA

- Figure 3 is a spectrogram which shows spectra from a plasma arc jet
operating with argon., Run 1 is a calibration spectra using a mercury lamp. '
The other runs are for various operating conditions and spectrograph settings.
Molecular spectra are present as evidenced by the CN Violet bands. A few
lines associated with atomic transitions of neutral (Lil) and ionized species
(A II) are identified. Also note the continuum radiation. The portion of
the spectrum shown in Figure 3 may include or be slightly on the red side of
the peak of blackbody radiance curve at the plasma temperature.

There is sufficient variety of radiative processes occurring in a plasma
arc jet so as to make the method attractive. The radiance is not dependent
solely on a few atomic lines,

VI, CONCLUSIONS

It seems feasible to extrapolate the technique to continuous plasma
with temperature up to about 15000°K. Above that temperature, plasmas are
usually of a transient nature imposing severe requirements on the chopper
and spectrometer. Also at higher temperatures a suitable radiation source
may not be available. A maser, which can be tuned, would appear to be the
answer to the source problem,

The method provides a temperature determined from many different
radiative processes, i.e., atomic transitions, radiative recombination,
molecular electronic transitions, and bremsstrahlung. This experimental
technique appears to have advantages, when compared to spectroscopic
methods focusing on a particular radiative process, such as atomic transi-
tions. The method readily finds and determines the extent of isolated depart-

tures from equilibrium provided such an equilibrium exists.
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determine the spectral emissivity

1

10.04
! ot

8 g0
€0,

'co'
% Hg O
E 0.
H
w
O
2 O
3

e 10p
WAVELENGTH

Figure 2. Reproduction of figure 3 of reference 1



*uoT)eIPEI UOTIRUTqUIODDI
03 A1raewrtad anp WINIUTIUOD B PU® SUOIIISURI)
orwoje ‘spueq re[noafow smoys wexdoajoads ayg °¢ sandig

1370IA
ND

~

o

- N m ¢ 0



REFERENCES

E.E. Bell, P.B. Burnside, and F.P. Dickey ""Spectral Radiance
of Some Flames and Their Temperature Determination,' Journal
of the Optical Society of America, Volume 50, December 1960,

1286-1292.

Georg Joos, Theoretical Physics, Hafner Publishing Company,
New York, Third Edition, C%apter XXXVII,

Arthur L, Schawlow, "Optical Masers,'" Scientific American,
Volume 204, June 1961, 52-61.




QIALIISSVIONNA ~h08~ A3I1JISSVIONN £ JA0)
@ WwWQo 03 PISN dxrgeaddizd YL v uorIEIpPE aq3 uTeIqo 03 pasn aimqezadwuay IYJ ‘me] UOHIEIPES
s, PuRg W seangeasdway JuaiFTp Swrsn Aq payopd 8,)9ur]g W1 saamyesadway juazagyp Buisn Aq payjord
UI3q SARY JPY) SIAIND JO SIS ® QIIm pozwd UIq FARY ITY} SIAIND JO SIIIS ®© YIIm paied
~WIoD ST JAIMD ST °9aind APOQAITIQ PIUTWIIILP -WOD ST PAIND SIY] °*IAIND APOQIIT[q PIUNUIIIP
Arusuwtzadxa uw 100 2ow13 03 BOtdex WRIusraea Aresuswrzadxad ue 3no aovI3 03 uoIBAx YIBuIrosem
® INOYINO0IY] CINE} IIT SIUIWIINSTIW JUSIIFOG ® Inoy3noay; uINe} IIT FIUIWIINSBIWL JUILIYYING
“wmniIqipnbs ur AfaApo3j)e 81 swey Y3 Jt ‘dAIND rwniaqrunbs ur 1241309732 s1 awiwpy 13 JI ‘IAIND
Apoqyowiq oy wo Jupod ® saptaocad ssynuwndb pain Apoqoelq ay3 uo jutod v sapraocad sapyyuenb poan
-geotu OM) 983Y[3 JO ONje3 3yl °AJlAIssTwa Texideds -sEaWw OM) 283y3 JO onea YL ‘AILAISSTIIS Te1dads
pue aduwipes [wx1oads 83t dansesws o) sy Jwrey pue aduwIpel Teaidads 831 Iansedul 03 1 Iwey
® Jo sameradwmol IY3 FUTWLINIP 03 PISN poylaw y ® Jo aamjeradula) Y3 FUTWIIIISIP O] PISN POYIAW Y
1z0daa paypreseu() (0£6~(L¥9)%0 IV 1>e13u0D) 1xodax payisserdun (0€6-(L¥9)¥0 IV 10e13UCD)
(01-29-WAI-SVOQ ‘2-NL(£0-0£22)0£6-UAL 3x0day) (01-29-¥QI-SVIQ 'Z-NL(£0-0€22)0€6- AL 310daY)
i L S .uﬁ *soqn ‘PPt d 2t
2961 Azwnue( 01 “syng °"J weqIV 4q peawdox ‘2961 Azenuep o1 ‘synd -3 udly £q paiedas
‘NOLLVNINYAL3d JYALVIAdNIL ANV VWNSVId ‘NOLLVNINYILIQ TUNLVEIANIL ANV VNSY'Id
JO ALIAISSING GNV JIDNVIAVY TVE1O3dS JO ALIAISSING NV IONVIAVY TVELIAdS
‘Truzonen) ‘opuniag 13 ‘uonwiodion adwdsoisy ‘eraIoNt[e) ‘opunfag {3 ‘uonerodior) adedsoiady
QILIISSVIONN Q31JISSVIOND
QILIISSVIDNDN {39a0) Q3LJIISSYIONN (29a0)
aq TywIqo 03 pasn Ixmexradwsey Y] “me] uoyerper Y3 ureIqo 03 pasn Ixmyeraduwra) Iaqy - me} uorjespes
s, youeld Ut saangeaadwa) Juaap Juisn Lq panold 8, joue]d ut saamyeaadura) Juazajyrp Buisn Aq panord
TIIQ IARY ITY3 $IAIND JO SILIIS ® YyIwm paxed UIIQ FATY IVYI SIAIND JO $ITIIS ¥ YIIm paaed
-WI0D $1 FAIND ST °IAIND APOQAOTIQ PAUTWIINIP -WO0D ST JAIND STYJ ‘IAIND ApoqiIe[q PAUTIIIIIP
Aresuawrtzadxs ae In0 20ws) 03 UOTEII YIBuataaem Arejuawtaadxa ue 3no 3veas 03 uordas YyBuarasem
® INOYIN0OIY] UINEI 3¢ SIUIWIINSLIW JUILIDIJING v jnoy3noly; uIe: LT SIUIWIINSEIW JUITILIING
‘umuaqinnbs ur A[9ArDeje 81 Jwey AP N ‘daand ‘umiaqininba uy A1241302)32 sy awe  ay3d J1 ‘daInD
Apoqyoelq 3y3 wo jJutod v sapraoad sanuenb pain Apoqydelq ayy uo urod v sapisocad sannyuenb pain
-SRIuWI OM} I8} JO OTiex YL ‘“AJtAlssTW Tesidads -sToWI OM] I8IY]Y JO OWJRl Y] “Ajtarsstwua rexydads
pue IduUTIPRI [eiidads 831 danswaw O3 st Jwey pue Jduerpez [ei3dads St aanseIw 03 81 Jwey
® Jo aamwaadwal Y} FUTWIIIIP O3 PISN poydw y e Jo samezaduwia) Y3 IUTWIIIIP O PIsN poyldw y
1z0daz payisswiouf) (0£6-(L¥9)¥0 AV 1>w13UOD) jrodax payisserdun {0€6-({L¥9)¥0 IV I>EIU0D)
{01-29-¥AI-SVDA ‘2-N1(€0-0£272)0E6- YA 3x0day) (01-29-YAI-SVOQ ‘2-NL(£0-0£22)0£6-HAL 330d2Y)
*sRIn PR .uﬂ ‘son 1w cdjer
*2961 Axenuer 01 “syng 3 IV 4q paredax ‘2961 Axenuer g1 ‘syng "z UdiY A3 paredaa
‘NOLLVNINYI13d IYALVIAIWIL ANV VISY'Id *NOLLYNINYZIZQ 3YNLVUEIANIL ANV YIASVId
JO ALIAISSING NV IDNVIAVY TVYl1D3ds JO ALIAISSING NV ADNVIQVY TVHLI3dS
*wuzojifes) ‘opunSag 13 ‘uoieiodion Idedsoray ‘eluzojited) ‘opunSag 13 ‘uvonexodio) adedsoiay
AILIISSVIOND A3141SSVIDNN




QILIISSVIOND

(a2a0)

Iy WWIQO 03 PIST Ianjvaddiae) Y] “aw] COPIEIPEI
8, 0uv]d U1 seargursdaxe; JusxepyTp Suren Aq papoprd
USIQ PATY IWY) SVAIND JO §I1INS ¥ Yilam prawd

~UI0D ST JAIND SYY] ‘SAIND LPOQYIVIq PITNUIINSP
Afrmyusunyzadxs ue N0 25w} 03 WotSoa YIFusieara
® INOYSN0IY) USYE) IIT SITAWSINSTIW JUSIIIING
wmiaqinbe uy A19ARID2)7S 91 SWIRD Y3 JI ‘SAIND
Apoqyoelq sy3 wo Juyod v sepracad ssupuenb paan
-suow OM) 9994} JO O1IE oYY ‘AJlArseTIud Texydeds
put JouwTprs Tezideds 53} sanseswm 03 81 sy}

= 30 samezadwie) Iy3 FUTMIIIGP O3 PON POYIPW y

3x0dsz pagyieserdun {ot6-(L99)¥0 3V 9eayW0D)
(01-29-¥AI-SVIQA ‘Z-NL(£0-0£22)0£6- AL yz0dey)
‘su[p ‘P .._mnm
"2961 Axwnwer g1 “syng "3 usIV Aq pe 2
‘NOLLVNINYIL3A F¥ALVEIINIL ANV VINSVId
J0 ALIAISSING GNV IONVIAVYE TVHE1DALS
*ETUIONIIRD .Oﬁadw 13 .szdh&kou 0in°ﬁ0<

QILJISSVIOND

A3LIISSVIONN

{awao)

I UFNIQO 03 pesn aamwzadwiay Iyl ‘me] UOLIEIpRI
s, ouvig Ut ssamyvaadwss juazazp Suten Aq panord
TSAq SARY IRY) $IAIND JO $ILIIF ® YIim pared

~WIOD S} FAIND SIYY °*PAIND ApoqyOe(q PIUTUIIIIIP
AfTesaewnzadxs ue JN0 22813 03 uoiBea YIBuafesem

® INOYBNOIY] UINE) FIT SINSWIIINSTIW JUIIDYING
‘wuraqinnbs Uy L18A1309))9 st PwRy Y3 JT ‘dAIND
Apoqxoelq ay3 0o jutod ¥ sapraczd sagyuenb poan
-STIW OM] 9833 JO onea YL "AIAISSTWIS Teaydads
PUR 3duwipex [ei3oeds s3; 2inseIw O3 ST FwWep

¢ 30 3anjexaduial Iy} IUNUIIIIP O Posn poylaw y

:&Uh PagnissweRun AOMOOQ*@_; ka4 ﬂoﬂhuguv
(01-29-¥AL-SVOA ‘2-NL(£E0-0€22)0€6~ AL x0doy)
*soqr ~pur dfz1
‘2961 Azvnuef o1 “syng "3 WALV £Aq peawdax
‘NOILVNINYILIA TYNLVEIAWIL ANV VNSV Id
JO ALIAISSING ANV IONVIAVYH TVHLO3dS
‘syalofie) ‘opundag 12 ‘uonerodion) sdedsoiay

QILLISSVIONN

QILIISSVIONND

{a9a0)

@ TWIQO 03 pasn dannredwie] Iy "me] uorwIpE
8,908 d ur saameaaduzd) Juaaeysp Suisn Aq penod
TINQ IARY IPY) SPAIND JO $ITIIS ¥ yIIm pazwed

~WI0D $1 FAIND STY] °“24IND APOGADOEIQ PIVTUIZIIIOP
Amusunzadxs ue 300 32wx3 03 WISz yiBuarIawm

* INOYINOIY) UINW) IIT SJUIWIINSVIW JUIDYING
*wmntIqITInbe uy A[9A1109539 8T AW Y3 J1 ‘2AIND
Apoqxoeiq 3y} uo jutod ¢ s2placad sarjruend paan
-SRI OM] 893 JO omyex IQ] ‘ATAISSTWS Teadads
Pu® DUTIPRI Tea3deds 831 aanswIW O3 sy IwWwy

® Jo aamquaadwial Iyl IUNNIIIIP O3 PIsSh POYIdW Y

ja0daz pampresepun (0£6-(2L¥9)¥0 IV I0EUOD)
{01-29-¥QI-SVOA ‘2-NL1(£0-0€22)0€6-4Al 12z0day)
“enIp ‘pout .u_%n—
2961 Azwnurer o1 *syng 3@ WAV 4q pazedas
‘NOLLYVNINYILAA IWNILVIAINIL ANV VINSVId
JO ALIAISSING NV IONVIAVY TVE1D3dS
“waI0JITe) ‘opundag 13 ‘uoriviodion adedsoxdy

Q3141SSYIONN

d31JISSVTIONN

(x9a0)

Y3 U1eIqO 03 pasn damesadwe) Iy “me[ WOEIPES
s, oueld Ut s2amgeasduial Juesdprp Bursn Aq payord
U9q FARY IWG) SIAIND JO $ILIS ¥ Yitm paawd

~UIOD ST JAIND STYL °2AIND APOQHIWIQ PIUTWIAIIIP
Arresuawraadxa ue Jno aoway 03 uotSIx YIBusasem
® INOYINOIY] UINE] 1T SIUIWIINSLIW JUIIIPING
‘wImIIqIInba ul A[2ARDI s1 FweP Y3 JT ‘PAInd
Apoqxaelq ay1 uo juod » eapracad sanynyuend paan
-sePW OM] 389Y3 JO opyer Y] ‘AjrArestwa [eiydads
PU® adueIpel reaidads s31 ainsesw o) st awep

® JO dameradwid} Y] FIURUIIIIP 0} PISN PoyIdw y

3xodax paynsseoun (0€6-(2%9)%0 IV exIU0D)
(01-29-¥AI-SVOQ 2-NL(£0-0£22)0£6- AL 130¢Y)
‘enqp cpour dzy
‘7961 Axenuef 91 “syng "= udijy 4q pasedax
‘NOLLYNINYZ13Q 3¥ALVEIdNI L OGNV YINSVId
JO ALIAISSIAZE ANV IDNVIAVY TVHILO3JS
‘etuzoftie) ‘opundag 13 ‘uvonerodios) adedsorsy




GILIISSVIONN

GILIISSVIONN

‘woRNQLIISTP A319ud pue JuN

~-w0d ABasu? oy Aresd 2I0W 8359 POPISW STy}
 Aq peutizzelep sameisdwiog ay3 ‘90UIH °“sISSED
-02d sarjerpea juszanp Auww Burzitnn 2anpedoad
wopRwTINep aamesradwal v sapraocad poyisw ayy
csamuaadine; eyl FA0QE PANIIRINE S8I] I SIANT
“epduzod pauswtzadxy  ° 35000 ‘S1 3IN0qe 03

dn ssamyezadwio) Yiia #90an0s vwsed snonuIuod
X0} IqISEI} aq 03 sawadde anbruyda) ayy ‘dxme
~z3dmiey wusepd JO JuswIINSEIW Y3 03 31 BurAdde
70 Jurodasia o3 YI1m POMITADI ST POYIAW SIY]

‘azmguasdwe; swey Y3 s
PIvuBiesp s1 2aInd ApoqYOTIq PAUTMIINIIP ATTeY
-taadxe 9yl Yitm SIPIOUTOD 393q J¥Y3 2AIND payord

QILIISSV'IONN

JILIISSVIONN

"wouNqQrIisip A813ua pue juay

~u0d ABIaud Iy3 ATIeI[D 2I0W $3D03[YII POYIdW STy}
Aq pautwizaiep axnjwaaduwial 3yl ‘30UIH °“sISEID
-oxd aanwrpes Juazaznp Auew Burzinin axnpasoad
uonRUTUIA}p damyeradwas v sapraoxd poylaw Iy
‘damyeaadural Jeyl FA0QE FALIDEINE SSI] I SINEW
Axepdwos muawtzedxl 3,000 ‘S1 INOqe 03

dn saanjesradwal qium s251n0s vwiseld snonuuod
10) 21qIs®d} aq 03 savadde anbruyoay ayy ‘samge
~z2dwa); vwuseld Jo JuswIdINSLIW I3 03 31 BurArdde
JO UTOdMITA 3 YITM PIMITAII ST POPIIW STY L

‘sangezaduia) awey ay) se
pieuBisap st 2a1nD Apoqiyovlq PAUTWIIIIP A[reguaw
-tzadx? Y3 YITM SIPIOUTOD 382q Jeyl IA1Ind panord

QILIISSVIDND

JgALLISSVIOND

-uonqIxIsTp AB1au’ puw JuUN

-u0d £A329ud Y] ATIWI[D II0W $IDIP22 poyIdw s1Y3
Aq pauTuz#ap samuraduial sy3 ‘IDUIH "SISSID
-oad saneIpel JUIIMNP Aurw FJurzIi[IIn 2inpadoad
WONWTRUINP Jameaadiael v sapraoad poyaw ayy
*dangeiadura] JWY] FAOQE FAIIOVINE $8IT 3T sIYNW
fyxepdwiod yusudiaadxy  )000 ‘ST Inoqe 03

dn ssameredwial YI1m $931n0s wwiswid s nonuuod
03 »IqI9e9] aq 03 sawadde anbruyde; ayy “samye
-1adwe; vwzsepd jo jurwaznswow ay) o3 31 Burddde
30 Jutodadia 33 @I PIMITAIL $1 pOYIIW SIY]

*aangeraduial swey Iyl se
PITuBIeIp 8124100 APOQYOUIq PIUTUIIGP A[TRIUawW
~123dxe Y3 P1M SIPIOUIOD I88q JWY) 2AIND pajyyopd

JAL{ISSVIONN

QILAISSVIONN

‘uorNqlIisip AB1aud pue JuI

-u0d £B12ud Y3 A[IEI[D IIOW SIDIPIX POYIIW STYI
Aq pautwaa1ap 2ameaaduwia]l Y3 ‘9OUIH °sISSID
-0xd sanrwipex Juaidip Auew Burzimmn sanpasoad
uoIRUTW AP 2angeradwial e sapraoad poyow Iyl
‘sanyeradwial eyl FAOQE FATIDEINE $3I] 3T sIew
Aixapdwod rejuswtiadxyd  *3Ho000 ‘ST Inoqe 03

dn saanjezadwia yum sadanos vuised snonunuod
10} 21qIsea} 2q o3 sxeadde anbruys9y syl “-samge
~12dway vwswyd jo JudIanseaw 3yl 03 3t BurAidde
3O wtodMmatA a4l YItM PIMITAII ST POYldwr ST{]

*aanjesadwal awey ay) se
Pa1euSisIp ST 2AIND APOQIeIq PIUTWIINIP A[Teiudw
-1xadx? 3yl qItm SapIOUTOD 183q jey] aInd panord




GILIISSV'IOND

ILIISSVIONN

“TORINQLIINTP AS1sud puw Juay

-w02 ABasus Iy AIRD 2I0W $IDI[PII POISW STy}
* Aq peur 39p sxmguaadwing oyl ‘DUSY “sINESD
-01d sapwrpes Jussaytp Auvw Burzi[nn danpedoad
oy wurmiaep dxmeiadwal v sIpracad poylaw Iq)
2angexaduIa)l I3 JA0QE PAIIORINIE SFI] 31 SIYTW
Aypxopdurod rejuswariadxly 35000 'Sl Inoqe 03

dn seangezadizd) yim $231n0s vuised snonUIUOD
203 1qises} aq o3 sivadde enbrug>2a3 Iyl csame
-zadwe; wusepd jo JuswvInsEIW Iy3 o3 31 Buridde
30 Juyodadla I3 Il PIMITAII $T POYIIW S1q ]

aamguaaduwie; swepy a3 se

pajeudissp s1 AIND APoqOTIq PIUTLINISP ATTI
-129dx® 9Y3 YIl4 SIPIOUIOD 383q eyl IAInd payjoyd

QILIISSVIONA

QILIISSVIOND

‘uonInqlaistp ABxaud pue Judy

-uo> AB13u’ Yy AJiwI[D 2I0W $3DIPI1 POYIdW STYI
Aq pautwixa3ap 2anjezadwia) ay; ‘IdUIY SISO
-0ad aarzwIpRa Jud1dTP Auvw SurzipIn Ianpadoxd
uoyRUTWIIAIIP xnyeradwial v sIpracad poylawr ayy
‘aanjeaadwial Jeyl 2A0QE 2AIIOBIIE $8I] IT SIYeW
Axordwod eywownzadxy ;000 ‘S1 Inoqe 03

dn sazmgeradwa) g3tm $951n0s vwseld SNONUNIBOD
10} 21qIs®a} aq o3 sxeadde anbruysa) ayy -aamge
-2adw?; vwised JO jJusWwIInseIw ay3 03 31 BurApdde
JO JUIOdMITA I3 YIIm PIMITAIL ST POYIPW ST

caxnjezradwia) Jwey Iy} se
paieuSisap s1 2aInd APOQruOelq PIUTUIIIIP ATeIuadwt
~-119dx2 Y YItm SIPIOUTOD 383q ey da1nd payjod

GILIISSV'IOND

qIALIISSVIONN

-uoynquIIsTp A813u’ pue U

-u0d> ABxaus Y} A1IwI[D 10 $IDI[P: poyIdw 1Y}
Aq peuTwI$1ap dxamguredureg sy3 ‘IOUIH “SISSID
~0ad saperpea juaaajnp Aurw Surzimyn danpasozd
WORTTTINIP Janyeisduisy v sIptacad poyiaw ayg
anyexaduIal JeY) AOQE JAIIORIPE $$IT 3T swTw
Ayprepdaod tMuewnaadxy 000 'S1 IMOqE 03

dn ssanyeaedwia) Yiim $22an0s vwise(d snonuluod
I03 #Iq19we] 9q o3 sieadde anbruyda;z Iyl “danme
-z13dwie; wmesep 3O JuawaInsTIW 3y} 03 3} Buridde
30 JUTOdMITA Y YIlm PIMITARI ST POoyIaw sIy]

-sxnguiaduwia; sawep ay3 se
payeulisap 8134100 ApoquITlq PAUTURIIIP ATTRIUdwWs
~139dX® Y3 YI1M SIPIOUIOD I83Q WY} 2AIND payjopd

Q3 LIISSVIOND

aI141SSVIONN

‘uounqrIIsIp ABIaud pue juay

-u0> AB3aua IyY) A[ILI[D II0W $IDIPII POYPIIW ST
Aq pautwizalap aanjeradwial 3yl ‘IDUIY “SIEEID
-0ad sayterpes JuaIdFIp Auew Burzi(n dxnpadoxd
uoneUIW I23PP amyesadwal v sapraoad poypwx Iy
saanjesadwial Jey) 2A0QE IANIDEINE $$I] IT s ewW
Apxadwod privawitzadxy o000 ‘61 Inoqe 03

dn saanjeaadwial yiim sadInos ewsepd snonuruod
10} 21qiseay aq 03 sieadde anbruyosay ayy "Iamge
-1adwsy vwseld jo Judwainsedw Iy 03 3t Burlydde
30 urodmatA 3yl YItm PIMITARI §T1 POYIdW STYL

caanjesadwal Jwey Iyl se
Pa1eusisap ST 2AIND APOQIOe]q PIUTMIAIP A[Terudw
-1z9dx? Y3 YIImM SIPIDUTOD 183q eyl IAInd panord




